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(57) Abstract: Using two simple antennas with different frequencies of operation combined into an antenna arrangement a direc- 
tional radiation pattern is obtained for both frequencies of operation. This is achieved by placing the antennas such that the first 
antenna acts as a director for the second antenna at the frequency of operation of the second antenna and the second antenna acts 
Q as a reflector for the first antenna at the frequency of operation of the first antenna. In the case of a monopole antenna the the first 
^ antenna is shorter than the second antenna and can thus operate as a director while the second antenna is longer than the first antenna 
and can thus act as a reflector. 



WO^04/013935 Al IlllllllllllinilllllllllllllllSl 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



POT/m 01 FEB 2005 

WO 2004/013935 PCT/IB2003/003230 

Dir ectional dual frequency antenna arrangement ^ ^ ^ 5 .<? 5 6 1 9 



The present invention relates to an antenna arrangement comprising a first 
antenna element with a first operational frequency and a second antenna element with a 
second operational frequency. 

When designing a receiver or transmitter for dual frequency operation a 
common choice of antenna arrangement comprises a first mono pole antenna tuned for a first 
operating frequency and a second monopble antenna tuned for a second operating frequency 
and selecting the antenna to be used depending on the choosen frequency of operation. When 
another frequency of operation is choosen the associated antenna is selected and transmission 
and reception accomplished through this antenna. 

The monopole antenna is often choosen because of it's low cost. 

The problem associated with this type of antenna arrangement is that with 
current communication standards directivity as well as dual frequency operation is desired 
which would lead to a directional antenna comprising the radiating element as well as 
reflectors and/or directors for each operating frequency, thus leading to an antenna 
arrangement with many antenna elements. 

It is the object of this invention to provide a multi-frequency directional 
antennas with less antenna elements. 

This objective is achieved in that the antenna arrangement according to the 
invention is characterized in that the first antenna element is a director for the second antenna 
and that the second antenna is a reflector for the first antenna. 

Antennas operated at higher frequencies are smaller than antennas operated at 
lower frequencies. The size of the second antenna is different from the size of the first 
antenna because of the different operational frequency. When the antenna arrangement is 
operated at the first operating frequency the first antenna acts as the radiating element of the 
antenna arrangement while the then passive second antenna, because of its different size than 
the first antenna, acts as either a director or a reflector for the first antenna.. A directional 
antenna arrangement is achieved this way. 

When the antenna arrangement is operated at the second operating frequency 
the second antenna acts as the radiating element of the antenna arrangement while the then 
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passive first antenna, because of its different size than the first antenna, acts as either a 
director or a reflector for the second antenna. The size of the first antenna is different from 
the size of the second antenna because of the different operational frequency 

When the first operational frequency is higher than the second operational 
frequency the first antenna element functions as a director for the second antenna element, 
while the second element functions as a reflector for the first antenna element. 

A further embodiment of the invention is characterized in that the first antenna 
element is a mono-pole antenna.. The mono-pole is a very simple form of antenna that can 
function as the radiating element in an antenna and as a reflector or director and is thus 
especially suitable for use in the antenna arrangment according to the present invention. 

A further embodiment is characterized in that the second antenna element is a 
mono-pole antenna. The mono-pole is a very simple form of antenna that can function as the 
radiating element in an antenna and as a reflector or director and is thus especially suitable 
for use in the antenna arrangment according to the present invention. 

A further embodiment is characterized in that the first antenna element is a 
quarter wavelength antenna element and the second antenna element is a quarter wavelength 
antenna element. The quarter wavelength mono-pole is an efficient radiator at an operational 
frequency where the length of the monopole is a quarter wavelength of the operational 
frequency. In the present invention multiple antenna elements are used. When using quarter 
wavelength antenna elements a compact antenna arrangement is achieved. 

A further embodiment is characterized in that the distance between the first 
antenna element and the second antenna element is approximately one quarter wavelength of 
the highest of the first and second operational frequency. 

It was found that by placing the two antenna elements at a distance of 
approximately one quarter wavelength of the highest of the first and second operational 
frequency optimal reflection and direction was obtained. 

A Transceiver for dual frequency operation according to the invention 
comprising an antenna arrangement as claimed in claim 1, 2, 3 or 4 yields a transceiver with 
an directional antenna suitable for dual frequency operation. 

A further embodiment of the transceiver is characterized in that the transceiver 
comprises a second antenna arrangement identical to the now first antenna arrangement 
By including a second directional antenna arrangemept the transceiver can better take 
advantage of the directionality of the antenna arrangement. Because of the low number of 
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antenna elements needed to provide two directional antenna arrangements for dual frequency 
operation it is possible to equip the transceiver with two antenna arrangements. 

A further embodiment of the transceiver is characterized in that the transceiver 
is arranged to use the first antenna arrangement and the second antenna arrangement for 
antenna diversity. When two antenna arrangements are available to the transceiver the 
transceiver can use antenna diversity to obtain better transmission and reception. Because the 
antenna arrangements are directed in different directions and have directional transmission 
and reception characteristics the transceiver can for instance implement antenna diversity by 
selecting the strongest signal coming from the two antenna arrangements thus improving the 
quality of reception and transmission. 

A further embodiment of the transceiver is characterized in that the transceiver 
is arranged to use the first antenna arrangement and the second antenna arrangement for 
beam steering. Since two directional antenna arrangements can be used with the transceiver, 
because of the antenna arrangements compact size and directional characteristics, it is 
possible to employ beamsteering in order to improve the transmission and reception. Any 
method for beamsteering using two directional antenna arrangements can be used to obtain 
the beamsteering. 

A further embodiment of the transceiver is characterized in that the first 
antenna arrangement and the second antenna arrangement are arranged such that the antenna 
elements are all comprised in a plane, that the antenna elements of each antenna arrangement 
are parallel to the other antenna elements in the antenna arrangement and that the first 
antenna arrangement is placed at an angle between 20 and 60 degrees to the second antenna 
arrangement. 

By placing the antenna arrangements and the antenna elements in this position 
the theta components, ie.e horizontal polarization of the antenna, are directed in the 
horizontal plane. 

To summarize: using two simple antennas with different frequencies of 
operation combined into an antenna arrangement, a directional radiation pattern is obtained 
for both frequencies of operation. This is achieved by placing the antennas such that the first 
) antenna acts as a director for the second antenna at the frequency of operation of the second 
antenna and the second antenna acts as a reflector for the first antenna at the frequency of 
operation of the first antenna. In the case of a monopQle antenna the the first antenna is 
shorter than the second antenna and can thus operate as a director while the second antenna is 
longer than the first antenna and can thus act as a reflector. 



WO 2004/013935 



4 



PCT/IB2003/003230 



The invention will now be described based on figures. 

Figure la shows an antenna arrangement comprising two mono-pole antennas. 

Figure lb shows an antenna arrangement comprising two mono-pole antennas. 

Figure 2 shows a communication device comprising two antenna arrangements 
with two mono-pole antennas each. 

Figure 3 shows the radiation pattern of the antenna arrangement when the first 
antenna element acts as the radiating element. 

Figure 4 shows the radiation pattern of the antenna arrangement when the 
second antenna element acts as the radiating element. 

Figure 5 shows two antenna arrangements and the resulting radiation pattern 
as can be used for antenna diversity and for beam steering. 

Figure 6 shows the 3D radiation pattern of the antenna arrangement when the 
first antenna element acts as the radiating element. 

Figure 7 shows a transceiver with two antenna arrangements located in a plane 
and at an angle to each other. 

hi the figures 1-3 the first antenna is drawn as a short monopole antenna while 
the second antenna is drawn as a longer monopole antenna. Even though the figures are 
intended as schematic diagrams that normally not confer information about physical 
proportions, the antennas are drawn similar to a normal configuration, i.e. one antenna 
shoerter than the other antenna and placed at a distance of each other which is comparable to 
the length of the short antenna. In figure 8 a physical arrangement of the antenna arrangement 
is shown. 

Figure la shows communication station comprising an antenna arrangement 
comprising two mono-pole antennas. In order to accommodate dual frequency operation 
either a single dual frequency antenna or two separate single frequency antennas can be used. 
When using two antennas the simplest form is the mono-pole antenna. In figure la a 
communication station 1 with two monopole antennas 4,5 is shown where a single 
transceiver 2 is used to transmit and receive signals thgrough the antennas 4, 5. When 
operation at a particular frequency is required a switch 3 connects the appropriate antenna 4, 
5 to the transceiver 2. When one antenna is being used the other antenna is not being used. 
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The transceiver 2 processes the signals. It transmits the data received at the input 1 1 and 
makes the received data available at the output 14. 

Figure la shows another implementation of a communication device 
comprising an antenna arrangement comprising two mono-pole antennas. 
Here the communication device 6 is required to operate at two frequencies simultaneously. 
Each antenna 9,10 is therefore dedicated to a separate transceiver 7, 8. In figure lb antenna 9 
is dedicated to transceiver 8 and antenna 10 is dedicated to transceiver 7. For this reason no 
switching is required. The transceivers 7,8 have an input 13, 12 and an output 16, 15. 

In order for the first antenna 5 to act as a reflector or director of the second 
antenna 4 the first antenna 5 is required to be located at a particular distance from the second 
antenna 4. It was found that a distance equal to one quarter of the wavelength of the operation 
frequency of the antenna with the higher operation frequency is an appropriate distance when 
the antennas are each dimensioned to be quarter wave length antennas. In other words, the 
distance between the antennas 4,5 should be approximately the length of the shorter antenna 
5 of the two antennas 4,5. 

It is also important to note that when switching the antennas 4, 5 with the 
switch 3 the antenna not in use can be terminated with the appropriate impedance to ensure 
the antenna not in use acts as a director or reflector as required. The termination impedance 
can be connected to the antenna by a switch. By varying the terminations impedance the 
radiation characteristics of the active antenna can be altered. 

hi figure lb where both antennas are operated simultaneously this is achieved 
differently. Both antennas operate at different frequencies. When the first antenna is operated 
at a first frequency, this first frequency is consequently not the operational frequency of the 
second antenna. It is therefore possible to ensure that while being driven by a transceiver 
matched to the antenna at its operational frequency the second antenna is terminated at a 
different impedance at the operational frequency of the first antenna. The same applies to the 
first antenna. The first antenna can be driven by the transceiver where the transceiver is 
matched to the antenna at the operational frequency of the first antenna while the termination 
impedance at the operational frequency of the second antenna can be choosen to ensure the 
first antenna acts as a reflector or a director at the operational frequency of the second 
antenna. In this way the communication device 6 can operate at both frequencies 
simultaneously and achieve directivity at each frequency with just two monopole antennas 
without additional antenna elements. 
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Several methods can be employed to feed the antennas, for instance microstrip 
or strip line techniques. 

Figure 2 shows a communication device comprising two antenna arrangements 
comprising two mono-pole antennas each. The communication device 20 comprises a 
transceiver 21 which uses antenna diversity to obtain the best reception quality. The switches 
23, 24 allow the transceiver to select two of a total of four antennas 25, 26, 27, 28. 
The first antenna 26 and the fourth antenna 28 have the same first operational frequency 
while the second antenna 25 and the third antenna 27 have the same second operational 
frequency. The first antenna 26 and second antenna 25 are physically gouped together, and 

> the third anetnna 27 and the fourth antenna 28 are physically grouped together. The first 
antenna 26 operates at a higher frequency as the second antenna 25 and forms, because of its 
shorter length than, and proximity to, the second antenna, a director for the second antenna 
25. The second antenna 25 operates at a lower frequency than the first antenna 26 and forms, 
because of its longer length, and proximity to, the first antenna 26 , a reflector for the first 

* antenna 26. The same is true for the combination of the third antenna 27 and the fourth 
antenna 28 where the fourth antenna 28 acts as a director for the third antenna 27 and the 
third antenna 27 acts as a reflector for the fourth antenna 28. 

The radiation pattern of each antenna 25, 26, 27, 28 is as a consequence 
directional. This directionality is a prerequisite for antenna diversity. If two antennas with 

) identical reception of signals were to be used for diversity it would not be possible to employ 
antenna diversity. In the configuration shown in figure 2 the first antenna 26 and the second 
antenna 25 main lobe in the radiation pattern is towards the left, while the main lobe of the 
radiation pattern of the third antenna 27 and fourth antenna 28 is directed to the right. 
The transceiver 21 can thus select two antennas 25, 26, 27, 28 based on operational frequency 

> using the switches 23, 24 and then can select the antenna with the better reception quality 
using well know techniques for antenna diversity. 

In addition to antenna diversity, the configuration shown in figure 2 can also 
be used for beam steering applications since also for beam steering two directional antennas 
are advantageous. The phase differences required for beam steering can be achieved by the 
) transceiver in the usual fashion. 

Figure 3 shows a communication device using antenna diversity while 
operating at two frequencies simultaneously. The communication device 30 comprises a first 
transceiver 31 and a second transceiver 32. The first transceiver is connected to the first 
antenna 34 and to the fourth antenna 33. The second transceiver is connected to the second 
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antenna 35 and the third antenna 36. The first antenna 34 and the fourth antenna 33 operate at 
a first frequency which is higher than the operational frequency of the the second antenna 35 
which is the same a s the operational frequency of the third antenna 36. 

As explained in figure lb the first antenna 34 acts as a director for the second 
antenna 35 and the seoncd antenna 35 acts as a reflector for the first antenna 34. Ttie fourth 
antenna 33 acts as a director for the third antenna 36 and the third antenna 36 acts as a 
reflector for the fourth antenna 33. If the antennas are physically located as shown in figure 3 
the main lobe of the radiation pattern of the first antenna 34 and the second antenna 35 is 
directed to the left and the main lobe of the radiation pattern of the third anetnna 36 and the 

1 fourth antenna 33 is directed to the right. This provides the differences in signal reception as 
desirable for antenna diversity. 

As explained in the description of figure lb the first transceiver 31 is matched 
to the antennas 35, 36 it is connected to at the operational frequencies of the antennas 35, 36, 
but must provide an appropriate termination impedance at the operational frequency of the 
second transceiver 32 in er to turn the connected antennas 35, 36 into reflectors for the 
antennas 33, 34 connected to the second transceiver 32. 

Vice versa the second transceiver 32 is matched to the antennas 33, 34 it is 
connected to at the operational frequencies of the antennas 33, 34, but must provide an 
appropriate termination impedance at the operational frequency of the first transceiver 31 in 

I er to turn the connected antennas 33, 34 into directors for the antennas 35, 36 connected to 
the first transceiver 31. This match outside the operational frequency of the transceiver 31, 32 
can be achieved by modifying the impedance of the transceiver or by adding impedance 
elements connected to the antennas. The added impedance elements are then located outside 
the transceiver 3 1 , 32. 

! In addition to antenna diversity, the configuration shown in figure 3 can also 

be used for beam steering applications since also for beam steering two directional antennas 
are advantageous. The phase differences required for beam steering can be achieved by each 
transceiver in the usual fashion. 

Figure 4 shows the radiation pattern of the antenna operating at the first 

) frequency in the antenna arrangement when the second antenna element acts as a reflector. 
As can be seen the reflector causes the omnidirectiona radiation pattern of a regular 
monopole to be changed into a direction pattern with £ main lobe 40. 

Figure 5 shows the radiation pattern of the antenna operating at the second 
frequency in the antenna arrangement when the first antenna element acts as a director. 
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As can be seen the director causes the omnidirectiona radiation pattern of a regular monopole 
to be changed into a direction pattern with a main lobe 50. 

Figure 6 shows two antenna arrangements and the resulting radiation pattern 
as can be used for antenna diversity and for beam steering. By using two antenna 
arrangements each pointed in a different direction the antenna patterns provide for 
differences in the reception as required by antenna diversity. When a signal is poorly 
received by one antenna arrangement because the main lobe of the antenna pattern is directed 
away from the source, the main lobe of the other antenna arrangement is likely to be directed 
more advantageously. 

Figure 7 shows the 3D radiation pattern of the antenna arrangement when the 
first antenna element acts as the radiating element. 

Due to the absence of grounding in front and behind the antenna arrangement a significant 
part of the radiated energy is directed downwards. Figure 6 shows two main radiation 
directions. One main radiation direction is directed to the upper-left side having mainly Phi 
components (vertical polarization), the other to the lower left side having mainly Theta 
components (horizontal polarization). 

Figure 8 shows a transceiver with two antenna arrangements 80, 81 located in 
a plane and at an angle to each other. The horizontal polarization can be directed in the 
horizontal plane by tilting the antenna arrangements 80, 81 so that the main radiation 
direction of the horizontal polarization is lifted to the horizontal plane as is the case for the 
configuration as shown in figure 7. The vertical polarization can be positioned in the 
horizontal plane by tilting the antenna arrangements 80, 81 not towards each other as shown 
in figure 7 but away from each other, thus bending the beam downwards. 
As can be seen in figure 8 the ground plane 84 does not need to be perpendicular to the axis 
of the antenna 82, 83 but can be placed in the same plane as the axis of the antenna 82, 83. 
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1 . Antenna arrangement comprising a first antenna element with a first 
operational frequency and a second antenna element with a second operational frequency 
characterized in that the first antenna element is a director for the second antenna and that the 
second antenna is a reflector for the first antenna. 

2. Antenna arrangement as claimed in claim 1 
characterized in that the first antenna element is a mono-pole antenna. 

3 Antenna arrangement as claimed in claim 1 or 2 

characterized in that the second antenna element is a mono-pole antenna. 

4. Antenna arrangement as claimed in claim 3 when combined with claim 2, 
characterized in that the first antenna element is a quarter wavelength antenna element 
and the second antenna element is a quarter wavelength antenna element. 

5. Antenna arrangement as claimed in claim 4, 

characterized in that the distance between the first antenna element and the second antenna 
element is approximately one quarter wavelength of the first operational frequency. 

) 6. Transceiver comprising an antenna arrangement as claimed in claim 1, 2, 3, 4 

or 5. 

7. Transceiver as claimed in claim 6 

characterized in that the transceiver comprises a second antenna arrangement identical to the 
> now first antenna arrangement. 

8. Transceiver as claimed in claim 7 

characterized in that the transceiver is arranged to use'the first antenna arrangement and the 
second antenna arrangement for antenna diversity. 
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9. Transceiver as claimed in claim 7 

characterized in that the transceiver is arranged to use the first antenna arrangement and the 
second antenna arrangement for beam steering. 

1 0. Transceiver as claimed in claim 6 

characterized in that the first antenna arrangement and the second antenna arrangement are 
arranged such that the antenna elements are all comprised in a plane, that the antenna 
elements of each antenna arrangement are parallel to the other antenna elements in the 
antenna arrangement and that the first antenna arrangement is placed at an angle between 20 
and 60 degrees to the second antenna arrangement. 
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